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Abstract 
Solar domestic water heating systems (SDWHS) are widely used in China, with an installed collector area of more than 330 
million square meters by the end of 2014. Many relevant products keep on launching and upgrading in the market. To regulate 
the market, the performance of products, especially new products should be evaluated by the quality supervision agency. 
However, all the existing national standards of thermal performance tests for SDWHS require that the daily solar irradiation gain 
should be more than 16 MJ/m2. Thus, only a small part of days in a year meet this criteria, which constrained quality supervision 
agencies to regulate the solar heater market. A new approach of testing platform for the thermal performance of SDWHS is also 
presented in this manuscript. The testing platform consists of a sun-tracking flat-mirror reflector which not only directs the 
sunlight to the collector to increase the daily solar irradiation gain but also produces a light spot of 2×2 m2. A large number of 
experiments have been conducted to measure the performance of the testing platform. Results show that on one hand the platform 
can increase the daily gain of solar irradiation to 16 MJ/m2 from 12 MJ/m2, and on the other hand the light spot has a non-
uniformity of less than 3%.  Experiments on SDWHS have been performed on the platform as well as on the ground, 
respectively.  It has been found that the relative difference of the daily thermal efficiency measured by the two methods is lower 
than 3%. 
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1. Introduction 
Solar domestic water heating systems (SDWHS) are widely used in China for remarkable energy saving. Usually, 
SDWHS can save energy as standard coal of 150 -180 kg per square meter per year. By the end of 2014, SDWHS 
have been installed more than 471 million square meters in the world.  
The expected expanding market of SDWHS require that the standardized test method could be implemented 
easily and quickly. However, the current outdoor thermal performance test methods (ASHRAE Standard 95, 
1987[1]; AS 2984, 1987[2]; International Standard ISO 9459, 1997[3]; GB/T 19141-2011[4]; GB/T 18708-2002[5]) 
can only be conducted in suitable weather conditions. The Solar Simulator has non-neglected drawbacks in form of 
high investment, huge usage cost, large irradiation non-uniformity and maintenance cost. Moreover, the actual 
proportion of far-infrared light spectrum of solar simulator is far more than the natural light. Furthermore, the lamp 
has a short life, a huge power consumption and high operation and maintenance costs. Scientists have already 
attempted to explore test methods or the performance enhancement with flat reflectors of SDWHS or solar collectors. 
O. García-Valladares et al. [6] proposed a simple and inexpensive test method for thermal performance test of 
SDWHS and compared it with standard test methods for SDWHS. D. Rojas et al. [7] comparatively analyzed the EN 
12975-2 transient method and the ASHRAE 93 steady-state method. He concluded that only10 experimental data 
points strictly met the ASHRAE 93 Standard requirements. But there were 375 data points met the required 
conditions in the EN 12975-2 transient method in the same period due to the less restrictive solar irradiance 
requirements and shorter period to collect a data point. Additionally, differences in the efficiency curve between the 
two methods are always below 5%.  H.P.Garg and D.S. Hrishikesan [8] presented a flat-plat collector augmented 
with two reflectors model which facilitates the prediction of the total energy absorbed by the collector at any hour of 
the day for any latitude for random tilt angles and azimuth angles of the collector and reflectors. D.K.McDaniels et 
al. [9] concluded that the enhancement in light gathering power for direct solar radiation is about a factor of 1.4~1.7 
for a flat-plate collector combination with a reflector system. 
From the foregoing discussion, the thermal performance test conditions of SDWHS are always limited to natural 
irradiation. In this paper, a platform to increase the available testing days by increasing the irradiation is presented. 
Which maintains a good irradiation uniformity as well as spectral consistency and is designed and studied based on 
GB/T19141-2011. By the aid of a reflector, the test platform increases solar irradiation on the test surface with the 
east-west single-axis tracking method. In addition, the reflector can be selected to be used or not according to the 
weather conditions.  
 
Nomenclature 
ܧ௜ The irradiation of test point I (Wm
-2) 
ܧത The average irradiation of test points (Wm-2) 
ߜ௜ The irradiation deviation of test point I 
E1  solar irradiance on the platform (MJm-2day-1) 
E2 solar irradiance on the ground (MJm-2day-1) 
C concentration ratio of the platform 
A surface aperture (m2) 
G  total solar energy received by the collector (Jm-2day-1) 
Qu useful energy gain (KJ) 
Greek letters 
ă Daily efficiency of SDWHS (%) 
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2. Design of test implement 
2.1. Test standards 
The national standards GB/T 19141-2011 and GB/T 18708-2002 are the main test standards in China under the 
condition of an outdoor test method to determine the thermal performance of SDWHS and a minimum solar 
irradiance of 16 MJ/(݉ଶ כ d)  while performing the test. The national standards describe a basic as well as advanced 
(long-term energy output) method for testing thermal performance respectively. MoreoverˈGB/T 18708-2002 is 
comparable with ISO 9459-2. However, the number of days suitable for test is not enough throughout the year 
because of the minimum irradiation requirements. We evaluated the number of days with total daily irradiation 
greater than 16 MJ/(݉ଶ כ d)  or between 12  MJ/(݉ଶ כ d)  and 16  MJ/(݉ଶ כ d)   and less than 12  MJ/(݉ଶ כ d)  
during 8 a.m. to 4 p.m. The program checks the irradiation in four locations within China using the hourly 
meteorological data of typical years. A ground reflectance value of 0.2 and a collector facing south titled 32 (degree) 
are taken as constant parameter for all calculations. Table1 shows the resulting distribution of irradiation. 
Clearly, there are more opportunities to test SDWHS in locations such as Kunming and Yunnan than other 
locations like Hefei and Jinan. The presented numbers represent an upper limit for the number of days available for 
testing. The number of test days per year is further restricted by weekends, and variation in other uncontrolled 
parameters such as wind speed, and ambient temperature. This situation leads the quality supervision agencies to 
have lower inspection capabilities and it also becomes more serious with limited equipment.  
In order to improve the number of days suitable for outdoor testing efficiently and reduce the test cost, a test 
platform has been designed to assist the thermal performance test of SDWHS. This test platform can not only 
improve the irradiation between 12 MJ/(݉ଶ כ d)  and 16 MJ/(݉ଶ כ d)   to more than 16 MJ/(݉ଶ כ d) but also make 
it cost efficient. Moreover, the proportion of days suitable for outdoor testing can be increased by about 1.5 times as 
it can be seen from table 1. However, the irradiation less than 12 MJ/(݉ଶ כ d)  can’t be improved effectively by 
using this test platform. Table1 shows that the proportion of days suitable for outdoor testing can be increased by 
about 1.5 times. 
     Table 1. Number of test days per year of tested locations. 
Location Latitude Longitude Number of days 
H<12 
MJ/(m^2 *d) 
12<H<16 
MJ/(m^2 *d) 
H>16 
MJ/(m^2 *d) 
Hefei 31.9 117.3 193.6 53.9 117.5 
Jinan 36.4 117.0 174.6 58.9 131.5 
Kunming 25.0 102.8 116.6 65.9 182.5 
Beijing 39.5 116.2 156 63.5 145.5 
2.2. Structure and principles of the test platform 
Such platform requires a high uniformity of irradiation, a large spot size and well spectral coherence with the 
sunlight but a low concentration ratio. Therefore, the use of a reflector combined with single-axis tracking can 
satisfy all above requirements. 
Fig.1 shows the reflector-collector platform for SDWHS testing. The reflector is driven by a bidirectional 
hydraulic system, and its size is 2.5m x 2.5m. The spot area is 2m x 2m and fixed on the motor-driven turntable. The 
turntable 5 can revolve horizontally in a controlled speed and location. Detected DSWHS is placed on the turntable 
5 of the platform with a constant inclination angle. Then, the platform automatically tracks the solar azimuth and 
reflector 1 tracks the solar elevation angles according to the setting-up of a preset computer program. Thus, a light 
spot is formed on the turntable 5 with fixed size and position. The turntable is provided with a worm-gear reducer, 
which is controlled by a stepping motor. The reflector is provided with a hydraulic self-locking switch. The rotation 
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angle of turntable and reflector has been calculated by a preset program considering both the solar azimuth and 
motion law of the stepping motor. Furthermore, the precision of the position feedback system is 1 degree. 
When performing the test, part of the incident light radiates directly at the test platform. Meanwhile, the intensity 
is enhanced by a horizontally tracing system. In order to further strengthen the irradiation intensity, the single-axis 
tracking reflector is adopted to evenly reflect the direct irradiation and forward scattering irradiation to the turntable 
5. By means of plane-mirror concentrating and horizontal automatic tracing, the test platform can effectively 
increase irradiation from 12 MJ/(݉ଶ כ d) to more than16 MJ/(݉ଶ כ d) . 




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Fig. 1. (a) Schematic of the novel test platform; (b) Photo of the experimental set-up with the test platform. reflector 1, hydraulic system 2, 
bracket of reflector 3, man hole 4, turntable 5, base 6 
3. Performance testing 
3.1. The evaluation of test platform performance 
Table 2. The turntable angle and the reflector angle. 
Time Theory turntable 
angle ˄GHJ˅ 
Actual turntable 
angle ˄GHJ˅ 
Tracking error 
GHJ 
Theory reflector 
angle GHJ 
Actual reflector 
angle GHJ 
Tracking error 
GHJ 
8:00 -88.3 -88.4 -0.1 -22.2 -23.1 -0.9 
8:30 -87.7 -87.7 0 -17.6 -18.6 -1 
9:00 -83.4 -83.2 0.2 -13.2 -13.0 0.2 
9:30 -78.3 -78.2 0.1 -8.8 -9.8 -1 
10:00 -69.6 -69.8 -0.2 -3.1 -3.5 -0.4 
10:30 -63.7 -64.2 -0.5 -0.4 -1.3 -0.9 
11:00 -52.2 -52.6 -.0.4 3.4 2.6 -0.8 
11:30 -33.9 -34.3 -0.4 6.5 5.7 -0.8 
12:00 -7.3 -7.5 -0.2 8.1 7.1 -1 
12:30 21.1 20.6 -0.5 7.6 7.5 -0.1 
13:00 43.7 43.5 -0.2 5.1 6.1 1 
13:30 58.1 57.6 -0.5 1.7 2.6 0.9 
14:00 68.1 67.8 -0.3 -2.3 -1.7 0.6 
14:30 75.4 75.2 -0.2 -6.7 -5.9 0.8 
15:00 80.9 80.8 -0.1 -10.0 -10.1 -0.1 
15:30 85.7 85.7 0 -15.5 -15.7 -0.2 
16:00 89.8 89.6 -0.2 -20 -21 -1 
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The tracking accuracy, irradiation uniformity and concentration ratio of the platform are tested and the error 
analysis is done to appraise the proposed test platform. Comparative experiments were conducted to study thermal 
efficiency of SDWHS on the platform and ground, and the results of them were compared. 
    Tracking precision of the platform 
Platform tracking precision includes turntable tracking precision and reflector tracking precision. By experimentsˈ 
the differences between the actual tracking angle and the theoretical design tracking angle were obtained, as shown 
in Table 2. The change curves of the tracking errors over time are shown in Fig.2. The maximum tracking errors of 
turntable and reflector were both less than 1 degree during the tests. The tracking error of the reflector increases in 
the middle of the day for the solar elevation angle is changing slowly during this period. 
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Fig. 2. The change curves of tracking errors over time of the turntable and reflector.  
Irradiation uniformity experiments and analysis of the test platform 
The spot area of the test platform is 4 square meters. We placed 4 TBQ-2 total irradiance meters in the light spot 
to test the spot uniformity with measurement range of 0.3 um ~3 um and measurement error of 2%~5%. The 
installation position of irradiation meters is shown in Fig.3. 
 
SRLQW SRLQW
SRLQW
SRLQW
 
Fig. 3. Installation locations of TBQ-2 total irradiance meters.  
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In different test period, the installation positions of each irradiance meter were randomly move within their 
respective areas in order to estimate the influence of the position to the accuracy of the test. The real irradiation is 
estimated from the average value of four irradiation meter values. Irradiation deviations of each test point are based 
on the average irradiation and are calculated as follows: 
 
                                                                                                                                                                    (1) 
  
Where the irradiation deviation of the test point I is ߜ௜, the irradiation of test point I is ܧ௜, the average irradiation 
is ܧത . Fig.4 is the change curves of irradiance deviations over time. The deviations of irradiance are within 2.5%. The 
largest deviation is located in the junction of the two mirrors. Improving the installation process or using a single 
piece of mirror, the largest irradiance deviation can be reduced to 0.25%. 
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Fig. 4. Change curves of each point of irradiance deviations throughout the day.  
Concentration ratio of the platform 
All of national standards, the main standards of SDWHS, have requirements that the daily irradiation should be 
greater than 16 MJ/m2. Thus, the test platform should satisfy that the irradiation can be increased from 12 MJ/m2 on 
the ground to 16 MJ/m2 on the platform. The concentration ratio of the platform is defined as the ratio of the 
platform irradiation and the ground irradiation, and follow equation: 
  
                                                                                                                                                                    (2) 
 
Where E1 is the irradiation on the platform and E2 is the irradiation on the ground. 
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It can be seen from Fig 5 that the test platform can improve daily irradiation from 13.6MJ/m2 to 19.2MJ/m2 
having concentration ratio C of 1.41. The concentration ratio decreases to the minimum value 1.27 when the daily 
irradiation on ground drops to 10 MJ/m2, and increases to the maximum value 1.63 when the daily irradiation is up 
to 20 MJ/m2. The concentration ratio C of the platform is associated with the solar irradiation. The intensity of solar 
irradiation is mainly affected by the proportion of direct irradiation. The larger proportion of direct irradiation is, the 
stronger solar irradiation is. Thus, the concentration ratio C increases as the direct solar irradiation increases. All 
factors affecting the direct solar irradiation can affect the concentration ratio of the test platform, such as: haze, dust, 
clouds and so on. In a haze day, the scattered light reaching on the ground is increased and the proportion of direct 
light is decreased simultaneously, which causes a smaller concentration ratio such as sequence 1and 2. Therefore, 
the platform cannot be used for the test in fog and haze days due to the irradiation can’t be increased to 16 MJ/m2. 
Increasing the use of the test platform in these weather conditions will increase the cost. For good air quality and 
direct sunlight days, the daily irradiation is around 12MJ/m2, the value of daily irradiation can be increased to at 
least 16 MJ/m2 such as sequence 3-12. 
` 

Fig. 5. The daily solar irradiance comparison on the platform and on the ground.  
3.2. Product sampling tests of daily thermal efficiency on the platform and ground 
The thermal efficiency of the SDWHS, ¨, is defined as the ratio of the useful energy gain Qu and the total solar 
irradiance, AG, shown in Eq. (3) 
 
                                                                                                                                                                        (3) 
 
The tested samples are flat-plate SDWHS working in nature convection mode, with a measured capacity of 88 L 
and aperture surface of 1.80 m2. The tests were operated at Hefei (32°N, 117°E) and the inclined angle of collector 
was fixed at 28°. The system efficiency is calculated by equation (3). We took two samples of the same 
specifications SDWHS and done repeatability tests both on the platform and ground. Results are shown in Table 3.  
The daily thermal efficiency of the two samples respectively are 0.529 on the platform and 0.545 on the ground 
with a difference of 3% for sample 1, and 0.441 on the platform and 0.442 on the ground with a difference of 0.1% 
for sample 2. Both test conditions strictly meet the GB 19141-2011 Standard especially the solar irradiance. The 
tested daily thermal performances are found to be very close for the same sample by the two test modes. It has a 
$*
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difference less than 3% and also meet the requirement of GB/T19701-2011 standard. Thus, this test platform can 
improve solar irradiation efficiently and expend the number of suitable testing days. Moreover, the slight test error 
due to platform can be ignored. 
Table 3. The results obtained under different test mode. 
Test mode Daily irradiation (AG) 
MJ/(m2.d) 
Daily thermal efficiency (¨) 
Sample1 & platform test 20.24 0.529 
Sample1 & ground test 21.17 0.545 
Sample2 & platform test 18.69 0.441 
Sample2 & ground test 32.08 0.442 
4. Conclusions 
According to the national standard, the thermal performance test of SDWHS requires at least one sunny day with 
irradiation over 16 MJ/m2. Limited to the weather conditions, the number of days could be used for testing in a year 
is far less than the requirement days for quality supervision agencies with limited equipment. Based on this point, 
we proposed a new way to test the thermal performance of SDWHS, which is simple, reliable and much cheaper and 
more feasible than the way of solar simulator. A comparative experimental facility is built up and the performance 
of this new test platform is measured and analysed. The conclusions can be draw as follows: 
1. The platform has irradiation non-uniformity of less than 2.5%, which is far lower than that of solar simulator. 
2. The platform can effectively increase irradiation gain from 12-16 MJ/m2 to more than16 MJ/m2, meeting the 
requirements of national standard. 
3. The results tested on platform have good repeatability and the deviation of thermal efficiency tested on the 
platform and ground is lower than 3%. So the platform can be used to test and evaluate the thermal efficiency of 
SDWHS [3]. 
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